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Non-Comprehensive / Incomplete Survey

of the Search for New Physics
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Minimal Renormalizable Standard Model

Three generations
of matter (fermions)

Predictive e femens

aaaaaa

Incredibly Successful !l

Supplement by Non-Renormalizable
Interactions
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Leptons

Gravity
Neutrino Mass Operators




Search for New Physics at the
Electroweak Scale

. Physics of ElectroWeak
Symmetry Breaking

. Quantum Space-Time Dimensions

(Super-Space)

. Identity of Dark Matter

. New Flavor Changing Interactions +

Origin of Flavor

. New Symmeftries

. New Forces

. Origin of Cosmic Baryon Asymmetry

. Dark Hidden Sectors
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Indirect Indications for Possible New Physics at the
Electroweak Scale

Experimentally:

. Dark Matter
(ElectroWeak Scale WIMP)

. Super-Space
(Gauge Coupling Unification,
Top IR Quasi-Fixed Point, ... )

. Experimental Anomalies ...
(Easy to Find - Hard to Make Go Away)

Accompanying Theoretical Framework,
Connections ...




Indirect Indications for Possible New Physics at the
Electroweak Scale

Theoretically:

. Quantum Stability of
ElectroWeak Scale
( EW Hierarchy Problem
LQFT- c.f. Vacuum Energy Problem )

Renormalizable Standard Model
Effective Theory - Breaks Down
"Just" Above the Electroweak Scale

New Interactions/States
Waiting to be Discovered "Just"
Above the Electroweak Scale




Indirect Indications for Possible New Physics at the

Electroweak Scale

Theoretically:

. Quantum Stability of
ElectroWeak Scale
( EW Hierarchy Problem
LQFT- ¢.f. Vacuum Energy Problem )

Doctrine of Naturalness
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Indirect Indications for Possible New Physics at the

Electroweak Scale

Theoretically:

. Quantum Stability of
ElectroWeak Scale
( EW Hierarchy Problem
LQFT- c.f. Vacuum Energy Problem )

Doctrine of Naturalness

- Modify/Replace Doctrine ...
Multiverse Selection,

- Retreat from “"Just" Above
ElectroWeak Scale

- Attempts to Re-evaluate Stability
(within LQFT mis-qguided)
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Indirect Indications for Possible New Physics at the

Electroweak Scale

So Far:

. No Definitive Evidence for
New States

. No Definitive Evidence for
New Interactions
( Beyond Gravity + Neutrino Mass Op )

( Victims of Success of
Minimal Standard Model )
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Indirect Indications for Possible New Physics at the

Electroweak Scale

So Far:

. No Definitive Evidence for
New States

. No Definitive Evidence for
New Interactions
( Beyond Gravity + Neutrino Mass Op )

( Victims of Success of
Minimal Standard Model )

Strategy: 5 ]
5 | earc
‘% Everywhere !!
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Search for New Physics at the
Electroweak Scale

Approaches:
New New
Interactions States

Energy v v
Precision v

Intensity v v
Cosmic v v

New Interactions

New States
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Search for New Physics at the
Electroweak Scale

Approaches:
New New ",? —
Interactions * States
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New Interactions

This Talk - Selected Topics
New States
* New Flavor + CP Violating Interactions:

See talks by Kagan + Artuso
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Search for New Interactions at the
Electroweak Scale

Muon g-2 :

Chirality Violating Interaction -
Probes Interaction with Higgs Sector

Three Experimental Probes of Muon
Interaction with Higgs Sector
(Unique Among SM Particles for Foreseeable Future)

1. Muon Mass
2. Higgs -> nu
3. Muon g-2 a Bxpt - a SM= (260 + 78) x 10! (3.3 0)

Talks by Kiburg, Porter, Fukushima
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Search for New Interactions at the
Electroweak Scale

. QED Y Y EW | v
MUOH 9"2 . Y v W2 W
AN AN - "
Wy My 3y v % §
s
Y % QCD Y é Y % /1:‘\
” " NV(’;'". WA ; \\ h}
e ) O
Contribution Result (x10'") Error Program Requires
QED (leptons) 116 584 718 + 0.14 +0.04,  0.00 ppm - )
HVP(lo) [1] 6 923 + 42
HVP (ho) 08 + 0.9 + 0.3 00T ppm . 9-2 Measurement
HLbL [2] 105 + 26 . R,.q Measurement
EW 1542 &1 0.02ppm | attice hadronic
Total SM 116 591 802 + 49 0.42 ppm

vyyy Interaction
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Search for New Interactions at the
Electroweak Scale

Muon 9"2 . 1400

e S00

R,.q from Babar

e 400

L L 1 L L 1 L
055 06 065 07 075 08 085 09 09 1

\,"'.\' GeV

a Bxpt - g SM = (260 + 78) x 101 (3.3 0)

= New E?89 experiment will reduce experimental
uncertainty by a factorof 4to 16 x 10-'" (0.14 ppm)

= |f current discrepancy remains this would yield >5c
= Together with theory improvements could give >8c
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Search for New Interactions at the
Electroweak Scale

Pion Charged Current Decay:

RSV _ ['(toevin—oevy)

- =1.2352(1)x107* ~ 2
eln F(K-’MV'FT(—’MVY) ( )X (me/mu)

Chirality Violating Interaction -
Probes Interaction with Higgs Sector

TRIUMF PIENU: aims at <0.1% in BR measurement

Talk by Sher
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Search for New Dark Hidden Sectors Below the
Electroweak Scale

Dark Hidden Sector:

mp ~ O(ap 7/ 4 ) my

Dark Gauge Boson <- Mix -> Photon MV*QV‘\/*

Talks by Moreno, Echenard
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Search for New Dark Hidden Sectors Below the
Electroweak Scale

Dark Hidden Sector: é

HPS Jefferson Lab

10942

- 101

sl 10-1
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Search for New Dark Hidden Sectors Below the
Electroweak Scale

Dark Hidden Sector:

BaBar

ox = ox my = 10MeV o' =a POT =2 x 10°°

e'e— yA', A’ — invisible

\W*y
o

J/v — invisible
Monojet (CDF) —— | =
ete” ]

Muon g-2 =

10!

70 - ~ -+ invisible

K+ = =t | invisible
MiniBooNE «cccee
Relic density

- |

0.1 |
my (GeV)
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Search for New Dark Hidden Sectors Below the
Electroweak Scale

Dark Hidden Sector:

BaBar - o

23



Search for New States at the
Electroweak Scale

Direct Production of New States :

High Energy Hadron Colliders



Search for New States at the
Electroweak Scale

Signature Space

MET, ...

Jets, b-jets

Leptons , taus, Photons, ...

Searches are Built Around
SM (+fake) Backgrounds -

Design Searches Away from
"Origin" of Signature Space

Along Some Axis or Axes

o (fb) 7 TeV
w 100,000,000
Z 30,000,000
Tt 150,000
wWwW 40,000
WZ 17,000
zZ 6,500
h inclusive 17,900
tW 150
11Z 100
WwWWwW 60
HTWW 2

Ww (400 GeV ) 10
5§ (1 TeV) 10
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Search for New States at the
Electroweak Scale

Signature Space

MET, ...

Jets, b-jets

Leptons , taus, Photons, ...

New States - Decays

. Prompt
. Quasi-Stable
. Stable

- Interacting
- Non-Interacting

o(fb) 7 TeV
w 100,000,000
Z 30,000,000
Tt 150,000
wWwW 40,000
WZ 17,000
zZ 6,500
h inclusive 17,900
tW 150
11Z 100
WwWWwW 60
HTWW 2

Ww (400 GeV ) 10
5§ (1 TeV) 10
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Search for New States at the
Electroweak Scale

Signature Space

MET, ...

Jets, b-jets

Leptons , taus, Photons, ...

New States - Decays
. This Talk

. i“ljl-STClble
- Interacting

@-In?emc?@

o(fb) 7 TeV
w 100,000,000
Z 30,000,000
Tt 150,000
wWwW 40,000
WZ 17,000
zZ 6,500
h inclusive 17,900
tW 150
11Z 100
WwWWwW 60
HTWW 2

Ww (400 GeV ) 10
5§ (1 TeV) 10
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Search for New States at the
Electroweak Scale

Signature Space

MET, ...

Jets, b-jets

Leptons , taus, Photons, ...

Kinematic Discriminants in
Signature Space

. Blunt
. Refined

. Focused

o(fb) 7 TeV
w 100,000,000
Z 30,000,000
Tt 150,000
wWwW 40,000
WZ 17,000
zZ 6,500
h inclusive 17,900
tW 150
11Z 100
WwWWwW 60
HTWW 2

Ww (400 GeV) 10
5§ (1 TeV) 10
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Search for New States at the
Electroweak Scale

Signature Space

MET, ...

Jets, b-jets

Leptons , taus, Photons, ...

Kinematic Discriminants in
Signature Space

. Blunt Signature Space Well Covered
. Refined Parts of Signature Space Pretty Well Covered
. Focused Isolated Regions of Signature Space Covered
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Search for New States at the Blunt
Electroweak Scale

Same Sign Di-Leptons + b-jets + MET : ATLAS

% 102 - TLAS 'P;e{fn:in'af'y ' IL:::_ 1'4:3;01 o e'pcl"la'nnel f5-8 TeV . % 10? » e channel, 5=8 TeV
g [ e misa (g o [ amsia
9 D Fakes z v B Fakes
P [ vivzwwy z [ dezwiowy
2 7
10 B vzzz 2 =g Bl vz
3 ) ww w Eww
e &-lOps Contact (x 32,1} e A-40p% Contect (x 32.1)
e WL S0GeV |« 49.9) e+ =W 800GV (x 40.9)
1 1
-1 1
10 1000 1500 2000 2500 3000 3500 10 0 100 200 300 400 500 600 700 800 900 1000
H; [GeV] E?'z [GeV]

Talk by Lei
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Search for New States at the Blunt

Electroweak Scale

Same Sign Di-Leptons + b-jets + MET : ATLAS

w f
E 10° B4 Lit= 14310
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10 -WZ'ZZ =
Eww -

—— 4-tops Contact {x 32,1)]
— - bW B00GeV {x 45.9)

10"
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NmS

Talk by Lei

'AITI;A'S brellim"na;y 'J'L::r -'14.'3 fb" '
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8 10
Nojcs
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Search for New States at the

Electroweak Scale

Multi-Leptons: ATLAS

Blunt +

Q(100) Channels
Variable =~ Meaning
Hy 2pr of all jets in the event
m‘r" Transverse mass of W-boson candidate (on-Z events only)
Variable = Meaning Lower Bounds [GeV] Additional Requirements
H.';pm"s Ypr of leading three leptons 0 200 500 800
Min. p-f- pr of softest (third) lepton 0 50 100 150
ET™ : 0 100 200 300 Hr < 150 GeV
o MET_RefFinal
s —retin 0 100 200 300 Hyp > 150 GeV
Mty . 0 600 1000 1500 .
Mest E7*S+Hp+H ™™ 0 600 1200 EP™ > 100 GeV
et 0 600 1200 m} > 100 GeV, on-Z
Variable = Meaning Lower Bounds
b-tags Number of b-tagged jets 0 1 2

Talk by Hance
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Search for New States at the
Electroweak Scale

Multi-Leptons: ATLAS

Blunt +

Q(100) Channels

ATLAS Preliminary ¥s=8 TeV fLdt =20.3 ! —e— Data 2012
2 o W
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H™""[GeV]  Min.p” [GeV] btags  m,[GeV] m,, [GeV) M,y [GeV] E'™ [GeV) ET™* (GeV)
Inclusive ET™>100 GeV  m¥>100 GeV H" =150 GeV H <150 GeV

Talk by Hance
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Search for New States at the
Electroweak Scale

Multi-Leptons: ATLAS

= ATLAS Preliminary (=8 TeV « Observed
i . — Expected
° W Jlat=203m Exp=1o |
Exp =20
10 1
.
—— N
e .!
—t
10" =3 el on-Z 2efu+zt  .on-Z )
T
® 10 .* d
—— e
|
10 =3 alu off-Z 2e/u+at, of-Z 1
POmve 2800 21000  »1500 NOuSwve =800 21000 21500
M, [GeV] M, [GeV]

Talk by Hance

Blunt +

Q(100) Channels
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Search for New States at the
Electroweak Scale

Boosted 3-Jet Resonances: CMS

CMS Simulation Preliminary
T T T I T T T I T T T I T T T I T =

> [ i
O 1200— —
n - Fonee
% - // _
1000 — —
21 =
” B N
- 7 _
-2 800— // —
S I - :
= 600 -
s L N
= 400/— . _|
- RPV Gluino
- 400 GeV ’
200— -
B ~ _

0 1 I/I I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1

0 200 400 600 800 1000 1200
Triplet Scalar P, [GeV]

Talk by Seitz

Refined

Ensemble of
6 choose 3 = 20
Jet Triplets

(Ne MET)
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Search for New States at the
Electroweak Scale

Boosted 3-Jet Resonances: CMS

CMS Preliminary 19.5fb" at Vs = 8 TeV

3 ) T I T T I T T T ] T T T l T T T l T T T l T T T I T T T
S 10 —— Observed Limit E
T B —— Expected Limit ]
x 10 . 3
E g |:| Expected+ 1o E
x - Expected =+ 2o -
o) 1= Theory Heavy-flavor RPV  —
sl = " n -
E - Ayy3 OF A .
| - .
o 10" =
R - =
0 B ]
o - i
10% =
:l 1 l L 1 1 I 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 I 1 l:

200 400 600 800 1000 1200 1400

Talk by Seitz

Triplet Invariant Mass [GeV]

Refined

Ensemble of
6 choose 3 = 20
Jet Triplets

(Ne MET)
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Search for New States at the Focused
Electroweak Scale

Paired Di-Jet Resonances:

Fat-Jet
Sub-Jets

(Ne MET)

Talk by Tweedie

37



Search for New States at the
Electroweak Scale

Paired Di-Jet Resonances:

:

# events (20 fb™)

200

150

100

sof—. "\

Talk by Tweedie

Focused

Fat-Jet
Sub-Jets

(Ne MET)
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Discovery of an Un-Anticipated High p+
(Standard Model) Process

Asymmetric Internal Conversion

Lar'ges'r Source: Asmie‘rric Internal Conversion
Z > 1y* > 111(l) v ->e(e) , u(n)
(OTher‘S) Compare External Conversion

in Material vy ->e(e)

7 ’ Standard MC's Don't Capture IR Singular
Region of Phase Space

dP(y* > 00) 20 (1 - @)1/2 (1+ 2_m§)

dmy, 3w m2, mZ,

Z 77

7 200

~ - 15f .
! ‘ Momentum
Fraction S 10] ,
Distribution

0.5+

00502 02 06 08 10




Discovery of an Un-Anticipated High p+
(Standard Model) Process

Asymmetric Internal Conversion

LGPQCST Source.: Asymmetric Internal Conversion
* > e(e),
Z->11y*=->111() v ->e(e) , w(u)
(O'I‘her‘s) Compare External Conversion
in Material y->e(e)
CMS Preliminary Ns =7 TeV, L, =4.7 ftf? Standard MC's Don't Capture IR Singular
50: | | | l(IZ/Y*)—>'|W ] Region of Phase Space
- v E s
) i dP(v* =) 2« 4m? 2m?
1 N ””“W‘E%(l‘ﬁ) (1+7)

[ ](Ziy*)+det T
- Developed Special Purpose AIC MG MC

Events/25 GeV/c?
D
2

1 First Observed in Multi-Dimensional
i Dalitz Distribution O(few) Events

First Observation of Z -> llI(])

150 200 250
M(u*un) [GeV/c?

| | | 1 Il I 1 1
50 100




Discovery of an Un-Anticipated High p+
(Standard Model) Process

Asymmetric Internal Conversion

LGI"QCST Source: Asmie‘rric Internal Conversion
Z > 1y* > 111(l) Y* > e(e) , u(w)
(OTher‘S) Compare External Conversion

in Material vy ->e(e)

CMS Preliminary Vs=8TeV L _=9.2b" ) ' )
>240""|"'|'"|"‘1"'|"'|"'|"'|"'|"'; Standard MC's DOHTCGPTUI"ZIR Slngular'

& 220 o DATA 3 Region of Phase Space

o 200 . =

Z 180 Dz E on 1/2 \
5 Ewz 3 dP(v* = ¥) 2« 4m; 2m;
@ 160 I non-prompt Mg —— o =3 1-— 14+ —-
£ 140 [Jrare - Mee T 7. 7
© 120

100 Developed Special Purpose AIC MG MC

First Observed in Multi-Dimensional
Dalitz Distribution O(few) Events

Illll]lllllllllllIlllllllll|l|lll]lllllll]llll

S —— { """" P IHHHM """" : First Observation of Z -> llI(I)

0 20 40 60 80 100 120 140 160 180 200
M(I'Tw) [GeV]




Discovery of an Un-Anticipated High p+
(Standard Model) Process

Asymmetric Internal Conversion

LGI“QCSf Source: Asymmetric Internal Conversion
* > e(e),
Z 11y => 111 () Y (e) . u(n)
(OTher‘S) Compare External Conversion

in Material vy ->e(e)
> CMS Preliminary 4§=7TEV£; _4)-;""1 Standard MC's Don't Capture IR Singular
0 12~ Bz Region of Phase Space
g ol ® Data dP( . 2\ 1/2 2
o Yt 2o, Amy 2my
- i m, >4 GeV m”W_37r (1_ gg) <1+ %e)

Developed Special Purpose AIC MG MC

First Observed in Multi-Dimensional
Dalitz Distribution O(few) Events

First Observation of Z -> llI() , Il

60 80 100 120 140 160
M, (GeV)




Discovery of an Un-Anticipated High p+
(Standard Model) Process

Asymmetric Internal Conversion

LGI"QCST Source: Asymmetric Internal Conversion
* > e(e),
Z > 1y* > 111(l) v ->e(e) , u(n)
(O'I‘her‘s) Compare External Conversion

in Material vy ->e(e)
o (CMSProminay f5o7 N Lo o0 R0 o sLeR Standard MC's Don't Capture IR Singular
& 12 * Data . Region of Phase Space
2 i - .Z+X i 2\ 1/2 2
3 10" h Ouz - o PO 2002 () () om)
s I [ m,=126 GeV e 3 Z Z
L 8H o H —

Developed Special Purpose AIC MG MC

First Observed in Multi-Dimensional
Dalitz Distribution O(few) Events

First Observation of Z -> llI() , Il
Used in Higgs -> llll as “calibration”

120 140 160 180
my [GeV]




Discovery of an Un-Anticipated High p+
(Standard Model) Process

Asymmetric Internal Conversion

Lar'gesf Source: Asmie‘rr(-ic) In’r(er)'nal Conversion
->e(e
Z->11y*->111() Y s
(OTher‘S) Compare External Conversion
in Material vy ->e(e)

S 35CMSPrelmnay fs-7TNL=s1l Fs0 TN L =100 Standard MC's Don't Capture IR Singular
S I * Data ] Region of Phase Space
™ 30 Bz : y
PE: : ] dP(v* = 08) 2 4m? om?
Quz e H 05 ) (%)
2 Tk [ ]m,=126 Gev] “ 7 7
L C 1

20— .

Developed Special Purpose AIC MG MC

First Observed in Multi-Dimensional
Dalitz Distribution O(few) Events

First Observation of Z -> llI() , Il
Used in Higgs -> llll as calibration

120 140 160 180
my [GeV]




Higgs -> WW: Asymmetric Internal Conversion

H->WW -> lv|v (Gray, Kilic, Park,

Somalwar, ST)

Un-Anticipated Process - "Fake" Lepton Background

Wy >1vI(l) +..
(Comparable to Higgs Signal)

405— WW
351 Higgs 125 GeV
_ - AIC
o 30
E 25;— » __ WW Cuts
@ 20 :
o F -
'qc'; 15:—
@ 10fF
M
5
0_.! e T T D P
0 20 40 60 80 100120140160180200
M, (GeV)
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Higgs -> WW: Asymmetric Internal Conversion

H->WW -> lv|v (Gray, Kilic, Park,

Somalwar, ST)

Un-Anticipated Process - "Fake" Lepton Background

Wy >1vI(l) +..
(Comparable to Higgs Signal)

40 3 WW
35F Higgs 125 GeV
AlIC

N W
O O
IIIIIIIIII

Higgs Cuts

—
%)
II[IIIIII

Events / Bin / fb™’
N
=

—
g O
IIIIIIIIII

_1\!‘;1[1;_}'f_13l||| | | [ | |

0 20 40 60 80 100 120140 160
M, (GeV)

o

T IR
180 200
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Higgs -> WW: Asymmetric Internal Conversion

(Gray, Kilic, Park,
H->WW-=>1vlv

Somalwar, ST)

Un-Anticipated Process - "Fake" Lepton Background

Wy >1vI(l) +..
(Comparable to Higgs Signal)

40;_ Ww
35F Higgs 125 GeV o
- anf AlC
c 25;— WW Cuts N :
@ 20F
) -
"qc'; 15:— _]
@ 10f r[J L|
5F ]“-.!"'E L
0:. R T TP i O e AR i £ o AP RPN RPN BT
0O 20 40 60 80 100120140 160 180200
Mg, (@eV)
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Search for the Physics of
Electroweak Symmetry Breaking

New Physics at Electroweak Scale Associated with Higgs Sector

CHiggs Rate Measurements > This Talk

- Search for Additional States in the Higgs Sector

- Searching for New Physics Produced
in Association with Higgs (Calibrated Source)

- Precision Higgs Measurements to Search for
New Physics

Still Possible to Discover New Physics at Electroweak
Scale in Existing Data
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Search for New Physics in

Higgs Boson Rate Measurements

Number of Channels Observed + Measured

Many Many More Eventually ...

Inclusive VBF Vh tth
Yy ) ) () X
77* (x) X X X
ww* | (%) (x) (x) X
= 00 & [0 |
bb (x) (x)
Zy X X X
uu X X X X

Combined
u=0.80+0.14

H— bb (VH tag)
H— bb (itH tag)
H— yy (untagged)
H— yy (VBF tag)
H—yy (VH tag)
H— WW (0/1 jet)
H— WW (VBF tag)
H— WW (VH tag)
H — tt (0/1 jet)

H — ©t (VBF tag)
H — tt (VH tag)
H— ZZ (01 jet)
H— ZZ (2 jets)

Vs=7TeV,L<5.1f" (s=8TeV,L=19.6fb"

CMS Preliminary m,, =125.7 GeV
Poy = 0.94

2 4
Best fit oloSM
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Search for New Physics in
Higgs Boson Rate Measurements

Signals of New Physics in

SM Higgs Rate Measurements

Deviations in SM Higgs Couplings
- Fit to SM Couplings

@cﬁve Operator Ana@

- Specific Underlying
Theoretical Framework

Extended Higgs Sector
Supersymmetry

This Talk

Vs=7TeV,L<5.1f" (s=8TeV,L=19.6fb"

Combined
u=080=0.14 | CMS Preliminary my=125.7 GeV

H—bb (VH tag) | p,,, =0.94
H — bb (itH tag) u
H— yy (untagged)
H— yy (VBF tag)
H— vy (VH tag)
H— WW (0/1 jet)
H— WW (VBF tag)
H— WW (VH tag)
H — 7t (0/1 jet)
H — =t (VBF tag)
H — t (VH tag)
H— ZZ (0/1 jet)
H—>ZZ(2jets)|

2 4
Best fit oloSM

Any Deviations at Discovery Level
are by Definition Large ...
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Search for New Physics in
Higgs Boson Rate Measurements

I't's the Higgs Boson i

1+ 'tt
0.1F Y
;L
Ve /W
% T
S0 7
001F }(+ .
0.001F .
0.1 05 10 5.0 100 50.0100.0

m (GeV)

CMS Global Fits
(Pre-Moriond 2013)

Re-interpreted Loop
Couplings in terms of
W and top Couplings

Gnxx = (My/ V)"

n=1 Fermion
n=2 Boson
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Precision Probes of New Physics

Electroweak Observables
G, My, Mz, Iz, Az gp, ..

PDG

Renormalizable SM +

D=6 Operators

$=0.01+-0.10

H = <H>
¢ T=0.03+0.11
ﬁTz (H'D,H)(H'D*H)
9—1?\"’;2512 H'W,,H B*

Systematics: m,, In(m,), as , ...



Precision Physics Through the Higgs

Higgs Observables
o . Br ( Initial -> h -> Final )

(Craig, ST)
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Precision Physics Through the Higgs

Higgs Observables
o . Br ( Initial -> h -> Final )

Best Channels:

o . Br ( Inclusive -> h ->
Resonant Final )

(Craig, ST)
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Precision Physics Through the Higgs

Higgs Observables Br(h — v7)
o . Br ( Initial -> h -> Final ) Br(h — ZZ)

Best Channels: (Ratios)

o . Br ( Inclusive -> h ->
Resonant Final )

(Craig, ST)
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Precision Physics Through the Higgs (

[1 +0O (
SM

Higgs Observables Br(h —vy) _ Br(h— )
o . Br ( Initial -> h -> Final ) Br(h — ZZ) ~ Br(h = Z2)

Best Channels: (Ratios)
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Precision Physics Through the Higgs (Craig, ST)

Higgs Observables
o . Br ( Initial -> h -> Final )

Best Channels: (Ratios)

o . Br ( Inclusive -> h ->
Resonant Final )

Renormalizable SM +
D=6 Operators

H=z<H>+h

% (H'D,H)(H'D*H)
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Precision Physics Through the Higgs (Craig, ST)

Higgs Observables Br(h 2 vy)  Brlh=2v)| [, o[ @ M
SM[ " (47”’2 § )]

o . Br ( Initial -> h -> Final ) Br(h — ZZ) ~ Br(h = Z2)

Best Channels: (Ratios)

o . Br ( Inclusive -> h -> PEW + CMS 5+ 12(5) fbl 7 + 8 TeV
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Precision Physics Through the Higgs (craig, ST)

Higgs Observables

o . Br ( Initial -> h -> Final )

Best Channels: (Ratios)

o . Br ( Inclusive -> h ->
Resonant Final )

Renormalizable SM +
D=6 Operators

H=z<H>+h

Jf/fz (H'D,H)(H'D*H)
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NS {iW,,H B

915511 1 v
H'H B, ,B*
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6522 i ny
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Implications of the Higgs Mass

Higgs Self Coupling is Small

thmZ 7\."’9

Renormalizable Standard Model Remains
Perturbative to Very High Scale

ElectroWeak Scale can be Stabilized by
Partner Particles - Cancel Quadratic
Divergence in Low Energy Theory

Doctrine of Naturalness Suggests
Partner Particles Below TeV Scale
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Doctrine of Naturalness

Quantum Stability of K-K mixing
Against Changes in UV Physics

Charm Quark Cancels Quadratic

Divergence of AS=2 Amplitude
in Low Energy Theory

(Successful) Prediction of Charm Mass !
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Search for Partner Particles Focused

Top Partner: CMS

q
08 CMS preliminary  {s=8 TeV 19.6 fb!
2
* data
£40° >3 jets/=1 W-jet : - :
’124 prEsJeisEn e § otmerbackgroonds | Multi-Variate Analysis
t
10° /Juncertainty
o — TT 800 GeV (x100) Blunt Variables +
o0 W- and Top Tagging
1 Jet Substructure
10°
K
~ 0
o ~
7| ¥ mata W M it et Mt Mokttt At et Bt Mt Mo R
- 05 0 0.5 1
BDT Discriminant

Talk by Lei
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Search for Partner Particles

Top Partner: CMS

CMS \s=8TeV
Y
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Talk by Lei
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100% bW

Exp:785 GeV ‘;’;‘:f:xt;demd
Obs: 700 GeV +20 expected

10° EBR(bW)=10, BR(tH)=0.0, BR(t2)=0.0
" 1 M M M 1 M M M 1 M

TTHEO RY

ey
..
..
"rea
.
B
.................
----------------

800 1000 1200 1400

M; [GeV]

63



Search for Partner Particles Refined +
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Focused

Top Spartner Super-Space: ATLAS
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Search for Electroweak States
at the Electroweak Scale

Higgs Sector

Mass Scale O(100-200) GeV
SU(2), U(1), Interactions
o(pp -> Resonant Higgs Sector), . = O(10 pb)
o(pp -> Pair Production Higgs Sector), .= O(1 pb)
Higgs Identified/Calibrated Object

(New Opportunities for Searches)
LHC Sensitivity to New Electroweak Physics at

Electroweak Scale and in
Higgs Sector Just Beginning ...
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Search for New Physics

A lot of Territory has Been Mowed Down

A Lot of Territory Remains Uncut
Including in Current LHC Data

Stay Tuned !
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